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NAPEN-D 


Honorable  Brendan  T.  Byrne 
Governor  of  New  Jersey 
Trenton,  New  Jersey  08621 


Dear  Governor  Byrne 


Inclosed  Is  the  Phase  I Inspection  Report  for  Lake  Tappan  Dam  in 
Bergen  County,  New  Jersey  which  has  been  prepared  under  authorization  of 
the  Dam  Inspection  Act,  Public  Law  92-367.  A brief  assessment  of 
the  dam's  condition  is  given  in  the  front  of  the  report. 


Based  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance,  Lake  Tappan  Dam,  a high  hazard  potential  structure 
is  judged  to  be  In  good  overall  condition  and  the  spillway  is  considered 
adequate.  To  Insure  adequacy  of  the  structure,  the  following  actions, 
as  a minimum,  are  recommended : 


a.  Within  six  months  from  the  date  of  approval  of  this  report,  engineering 
studies  and  analyses  should  be  performed  to  determine  the  dam's  embankment 
condition  and  structural  stability.  This  should  include  test  borings  to 
determine  material  properties  relative  to  stability  and  seepage.  Any 
remedial  measures  found  necessary  should  be  initiated  within  calendar 
year  1980. 


b.  Within  six  months  from  the  date  of  approval  of  this  report 
following  actions  should  be  taken: 


(1)  The  toe  of  the  right  embankment  should  be  excavated  in  the 
vicinity  of  the  toe  drain  exit  to  confirm  if  it  is  the  source  of  the  seepage 
noted  in  thla  area.  If  so,  the  soil  presently  covering  the  drain  exit 
should  be  removed  or  replaced  with  free  draining  material.  If  not,  stepa 
should  be  taken  to  determine  the  source  of  seepage  and  to  effect  corrective 
measures. 


NAPEN-D 

Honorable  Brendan  T.  Byrne 


(2)  Cracks  In  the  concrete  section  should  be  Inspected  and  repaired 
as  necessary  to  prevent  concrete  deterioration  and  excessive  leakage  into  the 
inspection  gallery.  Measures  should  be  taken  to  drain  the  inspection  gallery 
and  keep  it  drained. 


(3)  The  piezometer  located  on  the  upper  section  of  the  left 
embankment  should  be  repaired  as  soon  as  possible.  The  four  piezometers 
should  be  read  regularly  to  detect  any  irregularities  in  internal  drainage 
and  need  for  corrective  action. 


c.  A warning  system  should  be  established  whereby  downstream  inhabitants 
may  be  quickly  notified  and  evacuated  in  the  event  of  possible  dam  failure. 


d.  A program  of  annual  inspection  of  the  dam  should  be  initiated 
by  the  owners,  utilizing  the  standard  visual  check  list  in  this  report 


A copy  of  the  report  is  being  furnished  to  Mr.  Dirk  C.  Hof  man.  New 
Jersey  Department  of  Environmental  Protection,  the  designated  State 
Office  contact  for  this  program.  Within  five  days  of  the  date  of  this 
letter,  a copy  will  also  be  sent  to  Congressman  Harold  Hollenbeck  of 
the  Ninth  District.  Under  the  provisions  of  the  Freedom  of 
Information  Act,  the  inspection  report  will  be  subject  to  release 
by  this  office,  upon  request,  five  days  after  the  date  of  this 
letter. 


Additional  copies  of  this  report  may  be  obtained  from  the  National 
Technical  Information  Services  (NTIS) , Springfield,  Virginia  22161 
at  a reasonable  cost.  Please  allow  four  to  six  weeks  from  the  date  of 
this  letter  for  NTIS  to  have  copies  of  the  report  available. 


^APEN-D 

Honorable  Brendan  T.  Byrne 


An  important  aspect  of  the  Dam  Safety  Program  will  be  the  implementation 
of  the  recommendations  made  as  a result  of  the  Inspection.  We  accordingly 
request  that  we  be  advised  of  proposed  actions  taken  by  the  State  to 
implement  our  recommendations. 


1 Incl 
As  stated 


Sincerely , 


Colonel,  Corps  of  Engineers 
District  Engineer 


Copies  furnished: 

Dirk  C.  Hofman,  P.E.,  Deputy  Director 

Division  of  Water  Resources 

N.  J.  Dept,  of  Environmental  Protection 

P.  0.  Box  CN029 

Trenton,  NJ  08625 

John  O' Dowd,  Acting  Chief 

Bureau  of  Flood  Plain  Management 

Division  of  Water  Resources 

N.  J.  Dept,  of  Environmental  Protection 

P.  0.  Box  CN029 

Trenton,  NJ  08625 
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I.AKK  TAPPAN  DAM  (NJ00246) 

CORPS  OF  ENGINEERS  ASSESSMENT  OF  GENERAL  CONDITIONS 


This  dam  was  inspected  on  30  November  1978  and  4 January  1979  by 
Jenny-Leedshil 1 Engineers  under  contract  to  the  State  of  New  Jersey. 

The  State,  under  agreement  with  the  U.S.  Army  Engineer  District,  Philadelphia, 
had  this  inspection  performed  in  accordance  with  the  National  Dam  Inspection 
Act,  Public  Law  92-367. 
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Lake  Tappan  Dam,  a high  hazard  potential  structure.  Is  judged  to  be  in 
good  overall  condition  and  the  spillwav  is  considered  adequate.  To 
insure  adequacy  of  the  structure,  the  following  actions,  as  a minimum, 
are  recommended : 

a.  Within  six  months  from  the  date  of  approval  of  this  report,  engineering 
studies  and  analyses  should  be  performed  to  determine  the  dam's  embankment 
condition  and  structural  stability.  This  should  include  test  borings  to 
determine  material  properties  relative  to  stability  and  seepage.  Any 
remedial  measures  found  necessary  should  be  initiated  within  calendar 

year  1980. 

b.  Within  six  months  from  the  date  of  approval  of  this  report,  the 
following  actions  should  be  taken: 

(1)  The  toe  of  the  right  embankment  should  be  excavated  in  the 
vicinity  of  the  toe  drain  exit  to  confirm  if  it  is  the  source  of  the  seepage 
noted  in  this  area.  If  so,  the  soil  presently  covering  the  drain  exit 
should  be  removed  or  replaced  with  free  draining  material.  If  not,  steps 
should  be  taken  to  determine  the  source  of  seepage  and  to  effect  corrective 
■measures. 


(2)  Cracks  in  the  concrete  section  should  be  inspected  and  repaired 
as  necessary  to  prevent  concrete  deterioration  and  excessive  leakage  into  the 
inspection  gallery.  Measures  should  be  taken  to  drain  the  inspection  gallery 
and  keep  it  drained. 

(3)  The  piezometer  located  on  the  upper  section  of  the  left 
embankment  should  be  repaired  as  soon  as  possible.  The  four  piezometers 
should  be  read  regularly  to  detect  any  irregularities  in  Internal  drainage 
and  need  for  corrective  action. 

c.  A warning  system  should  be  established  whereby  downstream  inhabitants 
may  be  quickly  notified  and  evacuated  in  the  event  of  possible  dam  failure. 


d.  A program  of  annual  Inspection  of  the  dam  should  be  initiated 
by  the  owners,  utilizing  the  standard  visual  check  list  in  this  report 


APPROVp : 


pMFR  C.  TON  / V 
Colonel,  Corps  "of  Engineers 
District  Engineer 


DATE 


Frank  L.  Panuzio, 
Project  Engineer 


the  source  of  the  seepage  noted  in  this  area  as  soon 
as  possible.  If  so,  the  soil  presently  covering  the 
drain  exist  should  be  removed  or  replaced  with  free 
draining  material.  If  not,  steps  should  be  taken  to 
determine  the  source  of  seepage  and  to  effect  corrective 
measures. 

Cracks  in  concrete  section  should  be  inspected  regularly 
and  should  be  repaired  as  necessary  to  prevent  concrete 
deterioration  and  excessive  leakage  into  the  inspection 
gallery.  Measures  should  be  taken  to  drain  the  inspect- 
ion gallery  and  keep  it  drained. 

A program  of  annual  inspections  of  the  dam  should  be 
initiated  in  the  near  future. 

The  piezometer  located  on  the  upper  section  of  the  left 
embankment  should  be  repaired  as  soon  as  possible.  The 
four  piezometers  should  be  read  regularly  to  detect  any 
irregularities  in  internal  drainage  and  need  for 
corrective  action. 

An  effective  warning  system  to  alert  downstream  inhabitants 
in  case  of  dam  failure  should  be  implemented  in  the  near 
future . 
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.PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


LAKE  TAPPAN  DAM 
Federal  I.D.  No.  NJ  00246 
New  Jersey  I.D.  No.  23-91 

SECTION  1:  PROJECT  INFORMATION 


General 
a.  Authority 

The  National  Dam  Inspection  Act,  Public  Law  92-367,  1972, 
provides  for  the  National  Inventory  and  Inspection  Program 
by  the  U.  S.  Army  Corps  of  Engineers.  This  report  has  been 
prepared  in  accordance  with  this  authority,  through  contract 
between  the  State  of  New  Jersey  and  Jenny-Leedshill  Engineers. 
The  State  of  New  Jersey  has  also  entered  into  an  agreement 
with  the  U.  S.  Army  Engineer  District,  Philadelphia,  to  have 
this  work  performed. 


b.  Purpose  of  Inspection 

The  purpose  of  this  inspection  was  to  evaluate  the  gen- 
eral structural  integrity  and  hydraulic  adequacy  of  the  dam, 
and  to  determine  if  the  dam  constitutes  a hazard  to  human 
life  or  property. 

Description  of  Project 

a.  Description  of  Dam  and  Appurtenances 

Lake  Tappan  Dam,  also  referred  to  as  New  Jersey  Dam  No.  3, 
is  a combination  concrete  gravity  overflow  and  earthfill  struc- 
ture with  a total  length  of  590  feet  (Plates  2 and  3.) 
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The  central  concrete  spillway  section  is  approximately  245 
feet  long  and  34  feet  high,  and  has  four  50-foot  long  by 
6-foot  high  automatic  bascule  gates.  The  gates  are  separated 
by  8.25  foot  wide  concrete  piers  which  support  a bridge  deck 
across  the  spillway  section  of  the  dam.  An  inspection  gal- 
lery 7 feet  high  and  10  feet  wide  extends  along  the  base  of 
the  concrete  section  of  the  dam.  A concrete  apron  with  con- 
crete baffle  blocks  in  the  upstream  half  and  with  an  end 
sill  and  sheet  pile  cutoff  extends  71  feet  downstream  from 
the  spillway.  The  downstream  channel  is  lined  with  a four 
feet  thick  layer  of  dumped  riprap  on  2 feet  of  bedding 
stone  and  extending  approximate  ly  50  feet  downs  t re  sun  from 
the  apron. 

Rolled  earthfill  embankments,  with  maximum  heights  of 
34  feet  and  a combined  length  of  345  feet,  are  located  on 
each  side  of  the  concrete  dam  section.  These  embankments 
were  specified  to  be  homogeneous,  rolled  fill  consisting  of 
clayey  material.  (Plate  4)  The  upstream  faces  are  covered 
with  2 feet  of  riprap  from  the  intersection  with  the  original 
ground  to  4 foot  below  the  top  of  the  dam. 

A clay  blanket,  approximately  2 feet  thick,  covers  the 
upstream  channel  and  original  banks,  extending  146  feet  up- 
stream of  the  dam  center  line. 


A steel  sheet  pile  cutoff  wall  extends  down  56  feet 
below  the  dam  crest,  in  a line  about  19  feet  upstream  of 
the  dam  axis . 


A 4 feet  by  4.5  feet  outlet  conduit  passes  through  the 
right  side  of  the  concrete  section  of  the  dam  and  exits  on 
the  downstream  side  of  the  spillway.  The  cast  iron  sliding 
outlet  gate  can  be  controlled  manually  or  mechanically  from 
the  crest  of  the  dam.  (Plate  8) 

A control  room  which  houses  the  electric  control  panels, 
oil  pressure  tank,  oil  sump  and  pumps  and  air  compressor,  is 
located  on  the  right  embankment,  15  feet  from  the  spillway. 
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b.  Location 


Lake  Tappan  Dam  is  located  in  northeastern  New  Jersey 
in  Bergen  County  approximately  1 mile  south  of  the  New  York 
border.  The  dam  is  situated  on  the  Hackensack  River  1/2 
mile  north  of  the  Borough  of  Old  Tappan.  The  regional  vicinity 
map  is  presented  on  Plate  1. 

c.  Size  Classification 

The  storage  capacity  of  Lake  Tappan  is  19,400  acre- 
feet  when  the  reservoir  surface  is  at  the  dam  crest; 
therefore,  the  size  classification  of  the  dam  is  Intermediate, 
even  though  the  dam's  size  classification  is  'small'  based  on 
its  height  of  34  feet. 

The  criteria  for  size  classification  of  dams  are  set 
forth  in  the  Corps'  Guidelines.  An  intermediate  size  dam 
is  one  in  which  the  reservoir  capacity  is  greater  than  or 
equal  to  1000  acre-feet  and  less  them  50,000  acre  feet,  and/ 
or  the  maximum  height  is  greater  than  or  equal  to  40  feet 
and  less  than  100  feet. 

d.  Hazard  Cl as si fi cation 

Although  no  structures  were  visible  immediately  down- 
stream frcm  the  dam,  the  Boroughs  of  Old  Tappan  (population 
4000)  and  Rivervale  and  medium  duty  roads  ar re  located  ap- 
proximately 1/2  to  3/4  miles  downstream.  Routing  of  the 
Probable  Maximum  Flood  indicates  that  two  roads  and  approxi- 
mately 15  houses  would  be  inundated.  Due  to  this  potential 
hazard  to  loss  of  more  than  a few  lives  and  extensive  prop- 
erty damage  in  the  downstream  area  the  dam  has  a high  hazard 
classification  in  accordance  with  the  Corps'  Guidelines. 

e.  Ownership 

The  dam  is  owned  by  the  Hackensack  Water  Company,  4100 
Park  Avenue,  Weehawken,  New  Jersey,  07087. 

f.  Purpose  of  Dam 

The  reservoir  is  used  primarily  for  water  supply  and 
secondarily  for  recreation. 
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C.  Elevation  (ft.  above  MSL) 


. Top  dam  64 

. Maximum  pool-design  surcharge  (SDF)  58.1 

. Spillway  crest  (gated)  55 

. Streambed  at  centerline  of  dam  32 

. Maximum  tailwater  50  (approx.) 

d.  Reservoir  Length  (mi.) 

. Maximum  pool  (SDF)  6.3 

. Operational  pool-  5.1 

e.  Storage  (acre-feet) 

. Normal  pool  (elev.  55)  10 , 650 

. Design  surcharge  (elev.  58.1) (SDF)  13,600 

. Top  of  dam  (elev.  64)  19,400 

f.  Reservoir  Surface  (acres) 

. Top  dam  1,270 

. Spillway  crest  560 


g.  Dam 

. Type  Overflow  gravity  and  earth fill 

structure 


. Length  590  ft. 

. Height  34  ft. 

. Top  width  12  ft. 

. Side  slopes  (embankments) 

- upstream  2.5  H:1V 

- downstream  2.5  H:1V 


. Cutoff  Steel  sheet  piling 
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g.  Design  and  Construction  History 

The  dam  was  designed  by  Buck,  Seifert  and  Jost,  Consulting 
Engineers  and  John  S.  Cotton,  Consulting  Engineer  in  1964. 

The  bascule  gates  were  furnished  by  the  Allis-Chalmers 
Manufacturing  Company.  The  dam  was  constructed  in  1965  and 
1966.  The  specifications  indicate  that  monthly  reports  of 
the  dam's  construction  were  to  be  submitted  to  the  engineers, 
however,  these  records  are  not  presently  available. 
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h.  Normal  Operational  Procedures 

The  reservoir  reportedly  normally  fills  in  the  fall  and 
spring.  The  reservoir  level  is  controlled  automatically  by 
4 bascule  gates  so  operated  as  to  maintain  a maximum  re- 
servoir stage  of  elevation  55  feet.  A minimum  flow  of  3 
million  gallons  per  day  is  required  downstream  to  maintain 
adequate  flow  for  fish  and  a minimum  staff  gage  reading  of 
1.5  feet  at  Rivervale.  Water  is  released  through  the  outlet 
works  when  the  reservoir  level  is  below  elevation  49  feet. 

An  emergency  generator  is  available  to  operate  the 
electrical  equipment  should  a power  stopage  occur. 

The  owner's  personnel  inspect  the  dam  every  other  hour 
around  the  clock  and  every  hour  during  heavy  rains.  Any 
noted  debris  is  removed  during  these  regular  inspections. 

\ 

Pertinent  Data 

49.4  sq.  mi. 

3500  cfs 
Sept.  12,  1971 

10.000  cfs 
19,770  cfs 

45.000  cfs 
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a.  Drainage  Area 

b.  Discharge  at  Damsite 

. Maximum  known  flood  at  damsite 

. Gated  spillway  capacity  at 
pool  elevation  (elev.  551 
. Total  spillway  capacity  at  design 
maximum  pool  elevation  (elev.  58.1) 
• Total  spillway  capacity  at  top 
of  dam  (elev.  64) 


Approach  channel  d/s  of 
roadway  embankment  and 
bridge.  C53'  x 22'  opening) 
Concrete  apron  with 
baffle  blocks  and  rip- 
rap blanket  further 
downstream 


U/S  Channel 


D/S  Channel 


4 ft.  by  4.5  ft.  cast 
iron  sluice  gate 
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SECTION  2:  ENGINEERING  DATA 


2. 1 Design 

a.  Geologic  Conditions 

Lake  Tappan  Dam  is  located  in  the  northern  portion  of 
the  New  Jersey  Piedmont  Lowlands  physiographic  province. 

The  regional  geology  of  this  province  is  discussed  in  detail 
in  Appendix  C to  this  report. 

Geologically , the  dam  is  situated  on  a broad  rolling 
glacial  till  plain  at  a point  where  the  river  cuts  through 
a ridge  of  glacially  derived  sediments.  The  ridge  is  a 
recessional  moraine  which  formed  as  the  Wisconsin  Age  con- 
tinental glacier  paused  during  its  retreat  northward.  The 
reservoir  occupies  a swamp  area  which  was  at  one  time  a small 
lake  formed  between  the  face  of  the  glacier  and  the 
recessional  moraine.  Evidently,  the  lake  rose  between  the 
glacier  and  the  moraine  until  it  overtopped  the  moraine 
and  the  outlet  stream  eroded  through  into  the  moraine. 

This  method  of  formation  would  explain  the  relatively 
narrow  outlet  which  the  dam  occupies  in  front  of  the  broad 
expanse  of  the  reservoir. 

The  soil  of  recessional  moraines  is  typically  composed 
of  a non-residual,  usually  unstratified  heterogeneous 
mixture  of  soil  fractions  ranging  in  size  from  clay  to 
boulders  with  sand-sized  grains  in  predominance.  Lenses 
and  pockets  of  silt  are  typically  common  and  local  strati- 
fication is  not  unusual. 

Borings  drilled  by  the  Hackensack  Water  Company  (Plate  5) 
in  1964  as  part  of  the  exploration  program  for  the  dam  confirm 
the  extreme  heteogeneity  of  the  soil  materials  underlying 
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the  dam.  The  soils  change  rapidly  both  vertically  and 
horizontally,  over  short  distances.  The  predominance  of  the 
permeable  sand  size  fraction  within  the  soils  is  reflected 
by  the  relatively  constant  groundwater  elevation  which  varies 
by  only  6 feet  in  700  lateral  feet  while  the  ground  surface 
changes  by  50  feet  over  the  same  distance. 

Bedrock  is  approximately  €0  feet  below  the  center  of 
the  valley  at  an  elevation  of  -20  M.S.L.  and  drops  off  to 
more  than  -30  feet  toward  the  right  abutment.  Bedrock  in 
the  area  is  the  Brunswick  formation,  a soft  red  shale  with 
interbedded  sandstones . 

Material  for  the  embankment  section  of  the  dean  was 
obtained  wholly  from  the  reservoir  area.  Through  the  efforts 
of  the  Hackensack  Water  Company  Engineering  Department 
personnel,  the  contractor  who  constructed  the  dam  was  present 
during  the  inspection.  He  stated  that  all  required  embank- 
ment materials  were  excavated  by  use  of  selective  borrow 
areas  in  the  reservoir. 

Since  the  area  lies  within  Seismic  Zone  1,  only  minor 
damage  may  be  expected  from  distant  earthquakes.  No 
active  faults  are  known  to  exist  in  the  immediate  vicinity 
nor  surrounding  area  of  the  dam. 

b.  Design  Data 

Lake  Tappan  Dam  was  designed  by  Buck,  Seifert  and  Jost, 
Consulting  Engineers  and  John  S.  Cotton,  Consulting  Engineer, 
in  1964.  Plans,  typical  sections,  details  and  logs  of  the 
exploration  borings  are  presented  on  as-built  drawings, 
dated  October,  1964.  The  design  of  the  electrical  facilities 
are  shown  on  as-built  drawings,  dated  March,  1966.  Copies 
of  selected  drawings  are  included  as  Plates  2 through  9 
of  this  report. 
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Discharge  over  the  spillway  is  designed  to  be  controlled 
by  four  bascule  gates  measuring  6 feet  high  by  50  feet  long. 
These  gates  are  supported  in  bays  along  the  crest  of  the 
spillway  between  the  piers  (Plate  7) . The  gates  are  raised 
and  lowered  by  automatic,  hydraulic  piston-operated  mechan- 
isms located  in  the  piers.  The  operation  of  each  gate  is 
individually  and  automatically  controlled  by  a float- 
actuated  control  valve  which  in  turn  is  actuated  by  the 
elevation  of  water  in  the  reservoir.  The  controls  are 
arranged  to  lower  the  gates  in  six-inch  increments  for  lake 
levels  rising  above  elevation  55.5  feet.  The  gates  return 
to  the  fully  raised  position  when  the  lake  level  drops  to 
elevation  55.0.  Manual  operation  also  is  provided. 

The  spillway  was  designed  for  a maximum  probable  flood 
of  35,000  cfs.  The  spillway  discharge  curve  (Plate  5) 
based  on  model  tests,  indicates  that  this  flood  corresponds 
to  a reservoir  water  surface  elevation  of  62  feet. 

Overturing,  sliding  and  foundation  bearing  pressure 
analyses  for  the  concrete  section  of  the  dam  are  also  avail- 
able. 

Invitation  and  instructions  to  bidders,  specifications, 
proposal  and  contract  and  bond  documents,  dated  February, 

1965,  were  also  prepared  by  the  design  engineers. 

The  specifications  for  construction  of  the  dam  indicate  that 
the  material  for  the  earthfill  embankments  and  clay  blanket  for 
the  upstream  bank  and  apron  w as  to  be  'clayey  glacial  till  soil' 
obtained  from  borrow  areas  in  the  reservoir  area.  (Plate  1) . 

The  earthfill  embankments  were  to  be  placed  in  layers  and 
compacted  to  a minimum  of  100%  of  the  maximum  dry  density 
determined  by  the  ASTM  Standard  Density  Test,  D-698-58T, 
using  sheepsfoot  or  heavy  pneumatic-tired  rollers.  Com- 
paction of  the  earthfill  within  5 feet  of  the  training  walls 


and  cutoff  walls  was  to  be  done  using  hand  mechanical  tampers. 
Specifications  for  the  mixing  and  placement  of  the  concrete 
were  also  given. 

Construction 

The  specifications  indicate  that  an  inspec  .or  appointed 
by  the  design  engineers  was  to  be  at  the  site  during  con- 
struction and  monthly  reports  describing  the  construction 
progress  were  to  be  prepared  by  the  contractor  and  sub- 
mitted to  the  engineers.  However,  neither  these  reports 
nor  other  data  regarding  the  construction  of  the  dam  are 
presently  available. 

Operations 

The  reservoir  level  is  controlled  automatically  by  four 
bascule  gates  set  to  maintain  a maximum  reservoir  stage  of 
elevation  55  feet.  These  gates  are  reportedly  operated 
manually  twice  a year.  A flow  of  3 million  gallons  per 
day  must  be  released  by  the  dam  to  maintain  minimum  State 
requirements  for  downstream  fish. 

The  owners  check  the  dam  every  two  hours,  except  during 
storms  at  which  time  the  dam  is  observed  every  hour. 

Four  piezometers  were  installed  in  the  embankments 
shortly  before  these  inspections.  Reading  from  the  piezometers 
have  not  been  obtained;  however,  monthly  readings  were 
scheduled  to  begin  soon  after  the  inspections. 

An  infrared  cross  beam  is  used  to  detect  trespassers 
at  the  dam.  In  addition,  an  alarm  system  is  attached  to  the 
gate  control  vaults  and  activated  by  ionized  detectors. 
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Evaluation 

a.  Availability 

Available  engineering  data  for  the  dam  consist  of 
as-built  drawings,  construction  specifications,  stability 
analyses  and  hydrographs  for  storms  occuring  between  1971 
and  1975.  Most  available  data  are  listed  in  Appendix  A. 

b . Adequacy 

The  available  design  and  construction  data  are  adequate 
to  check  the  stability  analysis  of  the  concrete  gravity 
section  of  the  dam.  Available  data  are  insufficient 
to  verify  the  foundation  bearing  pressures  and  sliding 
coefficients  presented  on  Plate  4;  however,  these  values 
appear  reasonable.  Due  to  the  absence  of  construction  data 
and  material  properties  the  structural  stability  and  seepage 
through  the  earthfill  embankments  cannot  be  accurated  evaluated. 

c.  Validity 

Visual  inspection  of  the  dam  indicated  that  the  dam 
was  constructed  generally  as  shown  on  the  available  drawings. 
The  stability  analysis  of  the  concrete  gravity  section  of 
the  dam  shows  this  section  to  be  adequately  designed  against 
overturning  and  sliding.  Review  of  this  analysis  indicates 
that  accepted  methods  of  calculation  were  used. 

The  embankment  sections  of  the  dam  appear  to  be  ade- 
quately designed;  however,  stability  and  seepage  analyses 
are  recommended  as  discussed  in  Section  7.1-d. 
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SECTION  3:  VISUAL  INSPECTION 


Findings 

a . General 

Visual  inspections  of  Lake  Tappan  Dam  were  made  on 
November  30,  1978  and  January  4,  1979.  During  the  earlier 
inspection  the  reservoir  level  was  at  elevation  44.8  feet 
and  water  was  being  released  through  the  outlet  works  at 
the  rate  of  approximately  22  million  gallons  per  day. 

The  visual  inspection  did  not  reveal  any  critical  signs 
of  distress  in  the  dam.  There  was  evidence  of  cracking  and 
leakage  in  the  gallery.  In  addition,  cracking  of  the  train- 
ing walls  and  some  spalling  of  the  piers  where  they  connect 
to  the  bridge  deck  were  also  observed. 

Detailed  inspection  was  made  oi  the  dam,  appurtenant 
structures,  reservoir  area,  and  the  downstream  channel. 
Descriptions  of  the  findings  of  these  inspections  are 
summarized  in  the  paragraphs  which  follow.  The  checklist 
of  visual  inspection  items  is  included  in  Appendix  A. 
Geologic  and  foundation  conditions  observed  at  the  time  of 
inspection  are  noted  in  greater  detail  in  Section  2.1-a. 

b.  Dam 

The  dam  was  inspected  for  signs  of  settlement,  seepage, 
erosion,  cracking,  and  any  other  evidence  of  undesirable  be- 
havior which  might  affect  the  stability  of  the  structure. 

Concrete  Gravity  Overflow  Structure 

The  central  portion  of  the  dam  consists  of  the  spillway, 
which  is  a concrete  overflow  gravity  structure.  This 
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concrete  section  of  the  dam  is  divided  into  four  bays  by 
five  concrete  piers  which  support  a 12-foot  wide  deck  across 
the  length  of  the  spillway  (Photos  1 and  2).  The  piers 
and  bays  are  numbered  consecutively  from  the  right  (north) 
to  the  left.  There  were  no  signs  of  distortion  of  the 
vertical  or  horizontal  alignment  of  this  section  of  the 
dam. 

Cracks , extending  perpendicular  to  the  axis  of  the  dam, 
were  observed  at  each  bay,  spaced  approximately  one-third 
of  the  bay  span  from  the  piers  (Photo  2).  These  cracks 
coincide  with  those  observed  inside  the  gallery  which  passes 
through  the  center  of  the  concrete  section  of  the  dam. 

Seepage  has  occured  through  the  cracks  and  construction  joints 
as  evidenced  by  minor  seepage  and  lime  deposits  along  the 
cracks  inside  the  gallery.  There  was  about  2 inches  of  water 
on  the  floor  of  the  gallery  during  the  inspection.  Due  to 
the  relatively  low  reservoir  level  and  general  dampness  of 
the  inside  surface  of  the  gallery,  it  could  not  be  determined 
whether  the  cracks  are  the  only  source  of  this  standing  water. 

Several  vertical  and  diagonal  cracks  with  minor  leaching 
were  observed  on  the  left  retaining  wall  downstream  of  the 
spillway  (Photo  3).  Minor  cracking  was  also  noted  at 
6-  to  10-foot  intervals  on  the  sill  at  the  downstream  edge 
of  the  concrete  spillway  apron.  In  addition,  minor  vertical 
cracks  were  observed  in  the  right  abutment  retaining  wall. 
These  cracks  do  not  appear  to  have  any  structural  significance. 

Weep  hole  drains  are  present  at  the  downstream  sides 
of  the  training  walls.  No  seepage  was  noted  during  the 
inspection. 

No  vertical  or  horizontal  offset  or  misalignment  of  the 
gate  bay  deck  was  observed  (Photo  4). 
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Contact  between  the  concrete  structure  and  embankment 
appears  to  be  good,  with  no  visible  offset  or  separation. 

Embankments 

The  downstream  face  of  each  embankment  is  covered  with 
grass  and  small  evergreen  trees  have  been  planted  along  the 
upstream  edge  of  the  crest  (Photo  5 and  Overview  Photo) . 

A dirt  service  road  extends  along  the  top  of  both  embank- 
ments and  joins  the  concrete  bridge  decking.  The  upstream 
faces  of  the  embankments  are  covered  with  riprap  which  also 
extends  approximately  125  feet  upstream  from  the  dam  along 
the  north  bank  of  the  approach  channel.  The  south  bank  of 
the  approach  channel  from  the  dam  is  covered  with  a clay 
blanket  (Photo  6) . 

Two  piezometers,  one  15  feet  above  the  toe  of  the 
embankment  and  one  17  feet  below  the  crest,  are  located 
on  each  embankment  section.  (See  arrow  on  Photo  5).  The 
top  of  the  upper  piezometer  on  the  left  embankment  (Plate  9, 
Piezometer  No.  P-1)  has  been  broken  off  at  the  ground 
surface . 

A minor  seep  flowing  clear  at  a rate  of  less  them  1 
gallon  per  minute  was  observed  approximately  10  feet 
downstream  of  the  right  embankment  adjacent  to  the 
training  wall  (Photo  7) . This  seepage  is  possibly 
the  result  of  recent  rains  exiting  at  the  embemkment  toe 
drain  outlet  (Plate  9). 

c.  Appurtenant  Structures 

Bascule  Gates 

Six-foot  by  50-foot  bascule  gates  are  located  in  each  of 
the  four  spillway  bays.  (Photos  1 and  8).  The  gates 
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appear  to  be  in  excellent  condition  and  well  maintained; 
however,  the  water  tightness  of  the  seals  could  not  be 
determined  because  the  reservoir  stage  was  below  the  level 
of  the  gates.  Flow  splitters  have  been  installed  at  the  top 
of  the  gates  to  change  the  harmonics  of  the  flow  so  as  to 
reduce  downstream  disturbance.  The  hoisting  equipment  is 
located  in  the  piers  and  also  appear  to  be  in  very  good  con- 
tition.  (Photo  9).  Mechanical  stops  have  been  installed 
on  the  gate  operating  cylinders  to  ensure  that  jamming  of 
the  gates  would  not  occur  during  a flood.  Gate  No.  1 was 
successfully  operated  during  the  inspection. 

Outlet  Works 

The  outlet  works  were  submerged  at  the  time  of  the 
inspection  and,  therefore,  could  not  be  inspected.  The 
control  valve,  located  at  the  upstream  side  of  the  right 
end  of  the  spillway  deck,  is  well  maintained. 

Water  was  flowing  through  the  sluice  at  a reported 
rate  of  22  mgd  during  the  inspection.  A section  of  the  sill 
on  the  downstream  edge  of  the  concrete  apron  adjacent  to  the 
right  abutment  has  been  removed  to  facilitate  the  discharge 
from  the  sluice  (Photo  10) . 

d.  Reservoir  Area 

A road  embankment  and  bridge  are  300  feet  upstream  of  the 
dam,  and  a trestle  supported  24-inch  diameter  gas  main  (elev.  60) 
is  50  feet  downstream  of  the  roadway.  Flow  from  the  reser- 
voir passes  through  a 53-foot  wide  by  22-foot  high  bridge 
beneath  the  center  of  the  road  embankment.  (Photo  11) . 

The  slopes  surrounding  the  reservoir  are  gently  sloping 
and  appear  stable. 


The  water  in  the  reservoir  was  clear  and  there  was  no 
apparent  evidence  of  sedimentation.  Two  staff  gages  are 
attached  to  the  upstream  end  of  the  right  training  wall 
(Photo  6) . 

e.  Downstream  Channel 

The  downstream  channel  is  a steeply  graded  streambed 
within  a somewhat  wider  flood  channel,  well  defined,  but 
relatively  shallow  having  a wide  base  trapezoidal  cross- 
section.  Much  of  the  downstream  flood  plain  is  swamp  and 
heavily  wooded.  The  slopes  are  gentle  and  the  debris 
potential  is  high.  No  building  or  roads  were  visible 
downs tream  from  the  dam. 


SECTION  4:  OPERATIONAL  PROCEDURE 


Normal  operation  of  the  dam  is  to  maintain  a reservoir 
level  of  elevation  55  feet  to  provide  a regulated  flow  of 
water  downstream.  A minimum  discharge  of  3 million  gallons 
per  day  is  required.  The  reservoir  level  is  maintained  by 
four  bascule  gates  which  are  automatically  controlled  by  a 
float  control  valve  which  is  actuated  by  the  elevation  of 
water  in  the  reservoir.  The  controls  are  set  to  lower  the 
gates  in  6-inch  increments  for  reservoir  levels  rising  above 
elevation  55.5  feet.  The  gates  return  to  the  fully  raised 
position  when  the  reservoir  level  drops  to  elevation  55.0 
feet.  The  gates  cam  also  be  operated  manually. 


Water  is  released  through  the  4.5  by  4 feet  outlet  conduit 
when  the  reservoir  level  drops  below  elevation  49  feet  so  as  to 
maintain  minimum  flow  requirements.  Discharge  through  the  o 
outlet  is  controlled  by  a cast  iron  sluice  gate  which  cam  be 
operated  by  a motor  or  manually. 


The  dam  is  checked  every  two  hours  by  the  owner's 
personnel,  except  during  heavy  rains,  at  which  time  the  dam 
is  observed  hourly.  The  reservoir  elevation  and  degree 
set  of  the  bascule  gates  au:e  recorded  during  storms. 


Four  piezometers  were  installed  in  the  embankments 
shortly  before  the  inspections.  Measurements  are  scheduled 
to  be  taken  every  month,  beginning  soon  after  the  inspec- 
tions . 
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Maintenance  of  Dam 


4.2 

The  dam  is  maintained  primarily  by  the  owner , Hackensack 
Water  Company.  The  maintenance  crews  are  responsible  for 
maintenance  of  the  dam,  removal  of  debris  from  the 
reservoir  and  gates  and  the  regular  observation  of  the  dam. 

The  maintenance  of  the  upstream  face  of  the  embankments 
is  reportedly  performed  by  the  towns  of  Rivervale  and  Old 
Tappan . 

4.3  Maintenance  of  Operating  Facilities 

The  bascule  gates  and  outlet  works  are  maintained  by 
the  Hackensack  Water  Company.  The  bascule  gates  are  re- 
portedly operated  manually  twice  a year . 

4.4  Description  of  Warning  System 

There  is  no  formal  warning  system  to  alert  downstream 
inhabitants  of  floods  or  possible  failure  of  the  dam. 
However,  the  dam  is  patrolled  regularly,  as  described  above, 
and  the  local  police  will  reportedly  contact  the  owners 
should  problems  arise. 

Infrared  cross  beam  rays  are  used  to  detect  trespassers 
at  the  dam.  In  addition,  an  alarm  system  is  attached  to  the 
gate  control  vaults.  Each  mechanical  system  is  operated 
separately  thus,  reducing  the  possibility  of  total  damage  of 
the  system. 


4.5  Evaluation  of  Operational  Adequacy 

The  operational  procedures  appear  to  be  well  planned  and 
maintenance  of  the  dam  is  exceptionally  good.  However, 
the  implementation  of  a planned  warning  system  to  alert 
downstream  inhabitants  in  time  of  floods  and  mi soper at ion 
of  the  dam  is  recommended. 
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SECTION  5:  HYDRAULICS /HYDROLOGY 
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Evaluation  of  Features 
a.  Design  Data 

As  already  stated  in  Section  1.2,  Lake  Tappan  Dam  is 
classified  as  high  hazard  and  intermediate  in  size.  In 
accordance  with  the  Corps  of  Engineers'  "Recommended  Guide- 
lines for  Safety  Inspection  of  Dams  ” the  Spillway  Design 
Flood  (SDF)  is  the  Probable  Maximum  Flood  (PMF) . 

Data  obtained  from  the  owner  indicate  the  drainage  basin 
area  of  Lake  Tappan  Dam  is  49.4  square  miles.  This  drainage 
basin  was  divided  into  two  sub-basins  - the  upstream  basin 
above  DeForest  Lake  Dam  that  has  a drainage  area  of  26.6 
square  miles,  and  the  intermediate  basin  between  Deforest 
Lake  Dam  and  Lake  Tappan  that  has  a drainage  area  of  22.8 
square  miles.  The  sub-basin  upstream  of  DeForest  Lake  Dam 
has  already  been  analyzed  by  the  Corps  of  Engineers,  New 
York  District,  and,  as  requested  by  the  Corps,  the  results 
of  that  analysis  were  used  in  this  analysis  of  Lake  Tappan 
Dam.  Within  the  sub-basin  between  DeForest  and  Lake  Tappan 
Dam,  elevations  range  from  a maximum  of  about  500  feet  above 
sea  level  along  the  perimeter,  to  a minimum  of  about 
50  feet  in  the  valley  floor.  Land  use  patterns  consist  of 
forests  and  significant  areas  of  residential  development. 

Lake  Tappan  represents  about  4 percent  of  the  sub-basin  area. 
The  drainage  sub-basins  are  delineated  on  a U.S.G.S. 
topographic  map  and  presented  on  Plate  D-l,  Appendix  D. 

The  hydraulic  and  hydrologic  features  of  the  dam  were 
evaluated  using  criteria  set  forth  in  the  Corps  of  Engineers' 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams", 
and  additional  guidance  and  criteria  provided  by  the 
Philadelphia  District,  Corps  of  Engineers.  The  Probable 
Maximum  Precipitation  (PMP)  for  the  sub-basin  between 
DeForest  Lake  and  Lake  Tappan  was  calculated  using  Hydro- 
meteorological Report  No.  33  and  the  Hop  Brook 
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reduction  factor  for  misalignment  of  the  storm. 


The  PMF  for  the  sub-basin  between  DeForest  Dam  and  Lake 
Tappan  was  calculated  using  the  Corps ' computer  program 
HEC-1,  Dam  Break  Version.  In  computing  the  PMF  the  Corps 
recommended  that  the  Clark  Unit  Hydrograph  be  used.  The 
computer  program  developed  the  Unit  Hydrograph  using  a time 
of  concentration  of  5.0  hours  and  the  Claxk  storage  coefficient 
of  9.2  hours  calculated  from  equations  supplied  by  the  Corps. 

An  initial  infiltration  loss  of  1.0  inch  and  a final 
infiltration  loss  rate  of  0.10  inch  per  hour  were  used  in 
the  HEC-1  program  to  give  excess  rainfall.  Using  the  excess 
rainfall  and  the  unit  hydrograph,  the  program  computed  the 
peak  inflow  discharges  from  the  sub-basin  of  the  25  percent, 

50  percent,  75  percent  and  100  percent  PMF.  These  dis- 
charges are  approximately,  5,190  cfs,  10,370  cfs,  15,560 
cfs  and  20,740  cfs,  respectively. 

As  previously  stated,  the  PMF  outflow  hydrograph  from 
DeForest  Lake  was  supplied  by  the  Corps . The  peak  out- 
flows from  DeForest  Lake  Dam  for  the  25  percent,  50  percent, 

75  percent  and  100  percent  are  3,900  cfs,  7,810  cfs,  11,710 
cfs,  and  15,610  cfs,  respectively.  These  outflow  hydrographs 
were  routed  downstream  through  two  successive  reaches  to 
Lake  Tappan  and  then  combined  with  the  runoff  hydrograph 
from  the  intervening  sub-basin.  The  combined  inflow  hydro- 
graph into  Lake  Tappan  for  the  25  percent,  50  percent,  75 
percent  and  100  percent  are  approximately  5,530  cfs,  11,110 
cfs,  16,700  cfs  and  22,340  cfs,  respectively. 

The  various  percentages  of  the  PMF  inflow  hydrograph 
were  routed  through  the  reservoir  using  the  Modified  Puls 
Method  by  the  HEC-1  program.  The  peak  outflow  discharges 
of  the  25  percent,  50  percent,  75  percent,  and  100  percent 
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were  calculated  to  be  approximately  4,170  cfs,  9,110 
cfs,  14,370  cfs  and  19,770  cfs,  respectively.  A plot  of 
percent  PMF  versus  peak  outflow  discharge  is  presented  as 
Plate  D-2  in  Appendix  D. 


The  stage-storage  and  spillway  stage-discharge  rating 
curves  used  in  the  flood  routings  were  obtained  from  as- 
built  drawings  supplied  by  the  dam  owner.  The  stage- 
storage  curve  was  extended  to  the  dam  crest  to  account  for 
surcharge  storage  during  peak  flood  flows.  The  spill- 
way stage-discharge  curve  supplied  by  the  owner  is  for  the 
gates  in  a fully  open  position.  Assuming  the  gates  are  open 
during  the  PMF,  which  would  be  the  normal  case  due  to  the 
automatic  gate  system,  the  spillway  can  pass  the  PMF  peak  dis 
charge  with  the  maximum  reservoir  stage  5.9  feet  below  the 
dam  crest. 

In  the  reservoir  routing  computations  possible  dis- 
charges through  the  outlet  works  were  excluded  because 
their  capacity  is  small  compared  to  the  PMF  and  because  of 
the  possibility  that  the  outlet  gates  may  be  closed.  The 
stage-storage  and  the  spillway  stage-discharge  curves  are 
presented  in  Appendix  D as  Plates  D-3  and  D-4,  respectively. 


The  various  percentages  of  the  PMF  were  routed  1.9 
miles  downstream  through  three  successive  reaches.  These 
routings  were  made  to  determine  downstream  flooding  char- 
acteristics. The  flood  depth,  width  and  mean  flow  velocity 
of  the  four  flood  flows  at  the  Borough  of  Old  Tappan  are 
summarized  in  the  following  tabulation: 


Flooding  Characteristics  at  Old 
Tappan  (Station  8) 

25%  PMF  50%  PMF  75%  PMF  PMF 

4,160  9,100  14,360  19,750 

10.4  13.9  16.5  18.6 

645  830  970  1,060 

1.4  1.6  1.8  2.0 


Peak  Discharge,  cfs 
Peak  Flood  Depth,  ft. 
Peak  Flood  Top  Width,  ft 
Peak  Flow  Velocity,  fps 
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The  drain  outlet  of  Lake  Tappan  is  48-inches  by  58- 
inches  . The  rating  curve  for  the  outlet  was  given  in  the 
as-built  drawings  for  the  dam.  Using  this  rating  curve 
and  assuming  no  inflow  into  the  lake,  the  time  required 
to  drain  the  reservoir  from  the  spillway  crest  elevation  was 
calculated  to  be  about  9 days. 

b.  Experience  Data 

Records  of  lake  levels  are  maintained  for  the  site. 

The  reservoir  is  operated  to  maintain  maximum  water  levels 
for  water  supply  purposes.  The  dam  has  never  been  over- 
topped . 

c.  Visual  Observations 

Upstream  of  the  spillway  there  is  an  embankment  for 
a road  crossing.  Near  the  middle  of  this  embankment  is  a 
rectangular  bridge  opening  through  which  all  flows  must  pass, 
During  large  floods  this  constriction  would  alter  peak 
discharges.  However,  the  Corps  requested  that  the 
effect  of  this  embankment  and  bridge  opening  be  ignored. 

Downstream  of  the  spillway  the  stream  channel  narrows 
to  less  than  one-third  of  the  spillway  width.  The  cross- 
section  of  the  main  channel  is  approximately  rectangular 
with  low  banks  and  does  not  appear  capable  of  containing 
large  flows.  The  flood  plain,  which  would  be  inundated 
during  high  flows,  is  moderately  sloping  and  heavily  for- 
ested. No  structures  were  observed  immediately  downstream 
of  the  dam. 

d.  Overtopping  Potential 

As  indicated  on  Section  5.1-a,  the  spillway  for  Lake 
Tappan  can  handle  discharges  greater  than  the  PMF;  there- 
fore, under  current  operating  conditions,  overtopping  will 
not  occur.  In  accordance  with  the  Corps'  Guidelines,  the 
spillway  should  be  classified  as  Adequate. 


SECTION  6:  STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observations 

At  the  time  of  the  inspection,  the  dam  appeared  to 
be  in  good  condition  structurally  and  did  not  exhibit  any 
signs  of  significant  distress.  Visual  inspection  revealed 
some  cracking  of  the  concrete  gravity  section  of  the  dam 
and  training  walls,  but  these  cracks  do  not  appear  to  have 
any  structural  significance.  Spalling  noted  at  the  top  of 
the  concrete  piers,  adjacent  to  the  bridge  deck,  is  not 
presently  severe  enough  to  affect  the  structural  strength 
or  stability. 

The  minor  seep  observed  downstream  of  the  right  embank- 
ment does  not  appear  to  be  detrimental  to  the  stability  of 
the  structure  and  is  possibly  associated  with  drainage 
through  the  embankment  toe  drain. 

The  outlet  works,  spillway  gates  and  operating  equip- 
ment appear  to  be  in  good  condition. 

b.  Design  and  Construction  Data 

The  available  design  and  construction  data  indicate 
that  the  concrete  gravity  section  of  the  dam  is  adequately 
designed  for  its  intended  purpose.  Insofar  as  is  known, 
there  are  no  stability  or  seepage  analyses  of  the  earth 
embankment  and  no  data  regarding  the  as-built  properties 
of  the  earth  fill. 

c . Operating  Records 

Operating  records  showing  the  elevation  of  the  reser- 
voir and  amount  of  opening  of  the  individual  bascule  gates 
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are  available  for  the  following  storms:  June  18  to  20, 

1971,  February  1 to  4,  1973,  September  25  to  28,  1975 
and  November  7 to  10,  1977. 

Reservoir  levels  are  recorded  by  an  electric  stage 
gage.  Discharge  through  the  gates  and  outlet  works  can  be 
obtained  using  the  graphs  presented  on  Plates  6 and  8, 
respectively,  if  the  reservoir  elevation  is  known. 

d.  Post-Construction  Changes 

Flow  splitters  were  installed  at  the  top  of  the  gates 
to  change  the  harmonics  of  the  flow  so  as  to  reduce  down- 
stream disturbance.  Another  post-construction  change 
was  the  installation  of  mechanical  stops  on  the  gates 
to  ensure  that  jamming  of  the  gates  would  not  occur 
during  a flood.  These  post-construction  changes  are 
reportedly  operating  as  intended. 

e.  Seismic  Stability 

Since  the  area  lies  within  Seismic  Zone  1,  only  minor 
damage  may  be . expected  from  distant  earthquakes . In  general, 
projects  located  within  Seismic  Zone  1 may  be  assumed  to 
present  no  hazard  from  earthquakes,  provided  static  sta- 
bility conditions  are  satisfactory  and  conventional  safety 
margins  exist.  The  stability  analysis  of  the  concrete  sec- 
tion of  the  dam  indicates  that  this  section  has  satisfactory 
static  stability,  but  an  analysis  would  be  required  to  verify 
the  stability  of  the  embankment  section  of  the  dam. 
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SECTION  7:  ASSESSMENT,  RECOMMENDATIONS, 
PROPOSED  REMEDIAL  MEASURES 


i 


7.1 


Dam  Assessment 


a. 


Safety 

The  Lake  Tappan  Dam  spillway  is  adequate  and  is  capable 
of  passing  the  Probable  Maximum  Flood  without  the  dam  being 
overtopped . 

The  available  as-built  plans  and  stability  analyses 
indicate  that  the  concrete  gravity  section  of  the  dam, 
including  the  outlet  works,  are  adequately  designed. 

The  safety  of  the  embankments  cannot  be  quantitatively 
analyzed  due  to  lack  of  information  regarding  their  con- 
struction and  material  properties.  However,  visual  inspec- 
tion indicates  that  the  embankment  is  in  good  condition 
with  no  evidence  of  major  stress,  settlement  or  cracking. 

b.  Adequacy  of  Information 

The  available  information  and  data  are  adequate  to  perform  an 
evaluation  of  the  structural  design  of  the  spillway  section. 

The  existing  sliding  and  overturing  stability  analyses  are 
adequate  and  indicate  no  potential  instability. 

There  are  insufficient  data  to  evaluate  the  dam  founda- 
tion pressures,  presented  on  Plate  4.  In  addition,  there  • 
are  insufficient  data  to  perform  a comprehensive,  definitive 
evaluation  of  the  stability  of  the  embankments. 

c.  Urgency 

The  visual  inspection  revealed  no  apparent  deficiencies 
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that  would  imperil  the  short-term  integrity  of  the 
structure.  Certain  recommendations  are  suggested,  the  most  urgent 
being  investigation  of  the  seepage  at  the  right  embankment,  which 
should  be  implemented  very  soon.  Other  recommendations  are 
of  a less  urgent  nature  and  should  be  implemented  as  soon 
as  possible. 

I 

d.  Necessity  for  Additional  Data/Evaluation 

I At  the  present  time  there  is  insufficient  information 

available  to  fully  evaluate  the  stability  of  the  embankment 
sections  of  the  dam.  The  construction  specifications  in- 
dicate that  construction  inspection  reports  including 
compaction  control  tests  of  the  embankment  material  were 
to  be  performed.  This  information  was  not  made  available 
by  the  owner  for  this  Phase  I study.  It  is,  therefore, 
recommended  that  these  data  be  obtained  and  reviewed  to- 
gether  with  internal  water  level  measurements  obtained 
from  the  piezometers  in  order  to  perform  stability  and 
seepage  evaluations  of  the  embankments. 

7.2  Remedial  Measures 

a . Recommendations 

It  appears  that  the  seep  noted  downstream  of  the  right 
embankment , adjacent  to  the  training  wall,  possibly  originates 
as  discharge  from  the  drain  along  the  downstream  toe  of  the 
embankment.  This  should  be  confirmed  very  soon  by  ex- 
cavating the  soil  in  the  vicinity  of  the  seep  to  expose  the 
toe  drain  exit  shown  in  Plate  9.  If  the  seep  is  a result 
of  water  discharging  from  the  toe  drain,  the  soil  covering 
the  drain  exit  should  be  removed  or  replaced  with  free 
draining  material  to  facilitate  the  flow  of  water  from  the 
drain . 
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b.  Operation  and  Maintenance  Procedures 

A program  of  annual  inspections  of  the  dam  should  be 
initiated  by  the  owners,  utilizing  the  standard  visual 
check  list  in  this  report. 

The  cracks  in  the  concrete  gravity  section 
and  training  walls  and  the  spalling  at  the  tops  of  the 
concrete  piers  do  not  appear  to  affect  the  structural 
stability  of  the  dam  These  cracks  and  spalls  should  be 

periodically  inspected  in  order  to  detect  any  movement  or 
deterioration.  In  addition,  any  leakage  through  the  cracks 
into  the  inspection  gallery  should  be  monitored  and  remedial 
work  performed  on  the  cracks,  should  leakage  become 
excessive.  Measures  should  be  taken  to  drain  tne  inspection 
gallery  and  keep  it  drained  to  facilitate  inspection. 

The  top  of  the  piezometer  located  on  the  upper  section 
of  the  left  embankment  should  be  repaired  as  soon  as 
possible.  All  four  piezometers  should  be  monitored  regu- 
larly and  the  phreatic  water  levels  recorded  and  plotted 
to  detect  any  irregularities  in  the  internal  drainage. 

A warning  system  should  be  established  whereby  down- 
stream inhabitants  may  be  quickly  notified  and  evacuated 
in  the  event  of  possible  dam  failure. 
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APPENDIX  A 


CHECK  LIST  - VISUAL  OBSERVATIONS 


CHECK  LIST  - ENGINEERING,  CONSTRUCTION 
MAINTENANCE  DATA 
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Embankment  material  obtained  from  Borrow  Pits  No.  3 and 
the  reservoir. 
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Photo  2 View  of  Crack  in  Spillway 
Crest. 


Photo  3 View  of  Downstream  Section  of 
Left  Training  Wall. 


Photo  4 View  of  Bridge  Deck  and  South 
Bank  of  Approach  Channel. 


Photo  5 View  of  Left  Embankment  Looking  Upstream 
Showing  Top  of  Piezometer  P-2  (Arrow) . 


Photo  6 View  of 
Upstream  End  of  Right 
Training  Wall  Showing 
Staff  Gages. 


Photo  7 View  of  Seep  (Arrow)  Downstream  of 
Right  Embankment. 


Photo  6 View  of 
Upstream  End  of  Right 
Training  Wall  Showing 
Staff  Gages. 


Rhoto  7 View  of  Seep  (Arrow)  Downstream  of 
Right  Embankment. 


Photo  8 


View  of  Downstream  Side  of  Bascule  Gate  No.  1 
Looking  South.  Arrow  indicates  Spalling  at 
Top  of  Pier. 


Photo  9 View  Looking 
Down  Into  Pier  No.  1 
Showing  Gate  Operating 
Cylinder. 


REGIONAL  GEOLOGY  - PIEDMONT  LOWLANDS 


The  Piedmont  Lowlands  Province  of  New  Jersey  lies 
northwest  of  a line  approximately  between  Trenton  and 
Perth  Amboy  and  southeast  of  an  approximate  line  between 
Milford  on  the  Delaware  River  and  Mahwah  near  the  New 
York  State  border.  Physiographically , the  province 
is  situated  between  the  predominantly  Precambrian  age 
New  Jersey  Highlands  Province  to  the  northwest  and  the 
typically  unconsolidated  Creataceous  age  and  younger 
sediments  of  the  Coastal  Plain  Province  to  the  south- 
east. (See  Figure  C-l] . 


Bedrock 


The  Piedmont  Lowlands,  encompassing  about  one- 
fifth  of  the  state,  is  characterized  by  northwestward 
dipping  bedrock  composed  of  interbedded  red  shales, 
siltstoneg  find  sandstones  of  Triassic  and  Jurassic  age 
and  igneous  basalt  extrusions  (lava  flows)  and  diabase 
intrusions  of  Jurassic  age.  The  sedimentary  rocks  have 
been  eroded  to  a broad  southeastward  sloping  piedmont 
plain.  The  northwest  border  of  the  province  is  a north- 
east-southwest trending  fault  zone  (Ramapo  Fault) 
which  truncates  the  sedimentary  beds.  Total  vertical 
displacement  on  the  fault  may  reach  10,000  feet. 

The  gently  rolling  lowland  topography  of  the  piedmont 
lowlands  is  pierced  by  long  asymetric  ridges  of  hard 
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CHECK  LIST 

HYDROLOCIC  AND  '.fYDRAUHC  DATA 
ENGINEERING  DATA 


DRA INACE  AREA  CHARACTERISTICS:  /)*r  4 <,o  . Vvr 

ELEVATION  TOP  JORMAL  POOL  (STORACE  CAPACITY):  £?»  I 
ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORACE  CAPACITY): 


ELEVATION  MAXIMUM  DESICN  POOL:, 
rr rviTTnw  m*  ium>  64  ft 


«.  Location  Spillover  t 
f.  Nuaber  and  Type  of  Catea 


c.  Entrance  invert!  

4.  Exit  inverts 

e.  Esergency  draindovn  facilities 


LEEDS,  HILL  AND  JEWETT,  INC 


Ki.....XPv£t’A.N.. 


J.  For  Lake  Tappan  (NJ  00246)  use  the  outflow  hydrograph  from  the 
Deforest  Dam  (copy  of  report  forwarded  under  separate  cover)  and  add  the 
local  Inflow  from  the  Intermediate  drainage  area.  Use  the  following 
equation  to  develop  the  Clark  coefficients  for  the  intermediate  area. 

tc  - 8.29(1.0  + 0.03  1)  _1*28  (fiA)  °*28 


drainage  are.  in  square  miles  = J 

watercourse  slope!  in  feet  per  milet  defined  as  the  average 
slope  of  the  watercourse  between  points  10  and  85  percent  of 
the  distance  upstream  from  the  runoff  site  to  the  watershed 
boundary  ~ HO -4  6 /(*•*  «*-»■  B "'0  * 1« -S  *r/m  . 

index  of  impervious  cover  in  percent  of  total  land  area  - lb  /" 

time  in  hours  from  the  end  of  a burst  of  rainfall  excess  to  the 
Inflection  point  on  the  recession  limb  of  the  resulting  direct 
runoff  hydrograph  (Clark  Method) 

discharge  at  the  inflection  point  on  the  recession  limb  of  the 
direct  runoff  hydrograph  divided  by  the  slope  of  the  recession 
n»h  et  that  point,  in  hours  (Clark  Method). 
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DOC 

HACKENSACK  RIVER  BASIN 
ROCKLAND  COUNTY,  NEW  YORK 


INVENTORY  NO.  95 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
LAKE  DE  FOREST  DAM 


Prepared  by:  NEW  YORK  DISTRICT  CORPS  OF  ENGINEERS 
For:  THE  STATE  OF  NEW  YORK 

Date:  14  JANUARY  1978 


Hacx&jsacjc.  R.  at  W.  a/mck  T>.a.  • Z9.4-  sg~.mi. 

- Flow  regulated  ev  De  Pdkest  Lamb. 

- Discharge  s»verJ  foe  *n»3  gage  represent s 

THE  PLOW  OF  THE  WaCFEWSACK.  R.  T©*WST7?£AM 

OF  water  Supply  diversion!  for.  NVacr.  • 


Clare  parameter  for. 


♦ Gage  records  from  Pascack  Brook  were  reliable,  the 

l)N<T  MVDROGRAPH  WAS  WELL  DEFINED.  OPTIMISATION  OF 

oMrr  mydrogRapm  parameters  (Clark's)  yicosd  Tt  * *.83 

R • 6.B6  . RECORDS  FROM  THE  V/EST  A/V-»CK  &4SE  { / m»l«  D0WA/3rc£** 

of  Oe  Forest  Lake  Dam)  were  not  refresh  Nr  a ' ive  of  toe 

Ba&IKI  “Due  TD  TOt  REGULATING  EFFECT  OF  TOE  F6 SERvOf* 

AND  DIVERSION.  Ja/VESTIGAT »ON  OF  TN6  TWO  «A*U5  ( ftaCACK. 

Bit.  A*JD  HAOCI^SACF  R.  at  PAm  J REVEALED  PHYSICAL  SIMILARITY. 

therefore  the  hydrologic.  features  were  considered 
ptopoKnoHArt.  For.  the  same  size  basin.  Because  of  TOE 
DIFFERENCE  //V  DKA/M&E  area,  A EAT/O  of  toe  TWO  OASI'J' 
WAS  USED  TO  Fix  TWE  IMUT  H/V&O&EAPH  PA£AAf£7£RS 
roe.  me  Hacxajsack  k.  at  "De  Foneer  Lake  , 
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